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Abstract 

This interdisciplinary thesis addresses an archival and geographic information system 

(GIS) disconnect currently experienced by history and historical social science deep 

mapping researchers. Research methods using GIS and digital archives have enabled rich 

and contextual spatial research to emerge since the spatial turn. Yet, their respective 

frameworks remain siloed, constraining access to certain types of archival evidence such 

as historical aerial photos (HAPs). Further, the archival documents that would provide 

context to the geographies mapped within the HAPs remain separated, limiting 

opportunities for the deep mapping researcher to leverage both types of archival 

evidence. This thesis introduces the Archives-In-Maps (AIM) concept and applies it to 

Fredericton, NB. AIM Fredericton integrates HAPs and archival documents within a user 

driven GIS for web environment, featuring both types of archival evidence equally. An 

historical geospatial case study was conducted to demonstrate the interdisciplinary 

potential of the AIM concept, and how it will support deep mapping researchers within 

history and the social sciences. 
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1. Introduction 

Background and Context 

Humanities and Social Sciences 

The humanities and social sciences examine human experience across a wide 

range of contexts using multiple approaches of inquiry. Research in these fields draws 

upon both quantitative and qualitative methods to generate insights into society, 

culture, and human relationships. Over the past two decades, advances in technology 

have transformed these research methods. 

GIS Limitations within Historical Methods 

The adoption of technologies such as geographic information systems (GIS) 

within history and the historical social sciences has provided new ways of researching 

and understanding past geographies. Yet classical GIS principles can be limiting because 

ultimately “GIS has not been primarily designed to answer historical questions.” (Mares 

and Moschek, in Bodenhamer 2013, p.65).  

This disconnect can be problematic for historians because “questions drive 

historical scholarship, not hypotheses,” and their “research goal is not to eliminate 

explanations or to disprove hypotheses but to open the inquiry through whatever 

means are available and by whatever evidence may be found” (Bodenhamer, 2013, p.5). 

Enter the deep map, an approach that can utilize a variety of digital technologies, 

including GIS, to “offer a rich and deep experience of place…both for the construction of 
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an argument and for the presentation of a narrative” (Kemp, in Bodenhamer, 2022, 

p.178). 

The Deep Map as a Research Method  

Deep mapping research in history and the social sciences is “now a valid and 

valued method of scholarship and can be a basis for understanding both pragmatic and 

scholarly needs” (Kemp, in Bodenhamer 2022, p.178). Pragmatic and scholarly need is 

precisely what this thesis addresses through the design of a web-based research tool. 

The tool addresses the limitations that persist in the availability of, and access to, the 

kinds of archival evidence many scholars require in the pursuit of deep mapping 

research.  

Thesis Position 

 This thesis argues that integrating geospatial and textual archival evidence within 

a single web-based research environment can better support deep mapping research by 

improving access, enabling spatial analysis, and generating new historical insights.  

In doing so, this thesis (i) describes the significance of deep mapping scholarship in 

relation to current archival and geospatial technology limitations, (ii) creates a novel 

digital solution to the problem of access, and (iii) conducts a geospatial time series case 

study to demonstrate the utility of that digital solution. 

Central Problem 

The deep map aims to address some perceived limitations of GIS when 

conducting historical and social science research. Deep mapping expands the contextual 

richness of a typical map by incorporating social and historical data, thereby extending 
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its dimensional capacity beyond traditional GIS. This approach has proven fruitful in the 

humanities and social sciences (Stadiumville, 2014; Petro-Subjectivity, 2018; EcoTour, 

2021), yet important research gaps remain. Particularly due to organizational barriers 

within archives and libraries, prohibitive off-the-shelf GIS web template design, and 

frictionless access to historical aerial photo (HAP) collections. As a result, the full 

potential of deep mapping within history and social science remains unrealized.  

Problem 1: Archival Separation of Spatial and Contextual Records 

The first part of the problem is an archival disconnect: the organizational 

separation of historical evidence that is geospatial, such as historical aerial photos 

(HAPs), from other forms of social and political information for the same location. 

Archival evidence such as government and municipal records provides rich context for 

what is mapped by HAPs yet often remains organizationally detached from spatial data.  

Problem 2: Limits of Existing Web GIS Platforms 

The second part of the problem lies in established GIS web map platform design. 

This disconnect is evident in low- and no-code configurable geospatial web map 

application template services. These tools are designed to visualize geospatial data but 

lack the ability to manage a document collection alongside mapping and spatial data 

layers. Some templates support documents to display as attachments to map points, 

however this structure is incapable of hosting an entire document collection. It lacks 

data management capabilities; therefore the user would have no way in which to 

organize or search their corpus. Many GIS web templates do not support document 

types at all. This is highly problematic for researchers who wish to feature a document 
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collection in their deep map research, or for research tools to design tools outside of the 

low and no-code established formats. This thesis addresses this technical design gap by 

integrating HAPs and a large collection of historical municipal engineering reports into 

one digital research web tool. 

Problem 3: Access to Historical Materials 

A third part of the problem is that many historical materials that could support 

deep mapping research remain in analog form and are therefore inaccessible to a wide 

range of researchers. Such researchers would benefit from a web-based research tool 

that combines HAPs and a historical document collection in the same interface. A user-

friendly web research tool can provide access to both geospatial materials (HAPs) and 

contextual materials (municipal engineering report document collection) within the 

same digital research environment. 

Research Question 

Historical aerial (survey) photos (HAPs) provide a visual capture of a place in time 

and have immense potential to enrich, support, or instigate new spatially driven lines of 

inquiry for that place. Hence, they are exceptionally well suited for use in deep mapping 

research. Yet using HAPs to their full potential for this kind of research can be logistically 

challenging without specialist technology. 

This thesis therefore asks: (i) could a web-based research tool, drawing on 

geospatial web and GIS principles, be constructed to bridge current archival and GIS 

disconnects and advance deep map research, and (ii) can the utility of that tool be 
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demonstrated through a geospatial case study of a topic drawn from within the 

document archive? 

Solution: Archives-In-Maps (AIM) 

The design concept that addresses these research questions is called Archives-In-

Maps (AIM). AIM is a digital research tool concept consisting of two specific types of 

archival materials: geospatial (HAP mosaics) and textual (the municipal engineering 

report document collection), situated within a custom web map interface.  

A HAP and a HAP mosaic are two distinct items: HAP refers to individual aerial 

survey photographs, while a HAP mosaic is a composite image constructed using HAPs 

from a single aerial survey. In a HAP mosaic, the aerial imagery has been georeferenced, 

corrected for distortion, and stitched together using GIS to produce a single visual 

representation: a mosaic. 

The collection of HAP mosaics does not claim to be maps themselves, but rather 

a type of archive most effectively situated within a digital map space. The document 

collection belongs in close association with the HAP mosaics because the data within the 

documents is also spatial, which connects it conceptually to the HAP mosaics. This thesis 

demonstrates the viability of a web-based geospatial research tool using a HAP mosaic 

collection and a historical municipal engineering report collection for Fredericton, NB, 

over the period 1924–1999.  

Case Study: Public Lighting in Fredericton, 1927–1963 

Additionally, this thesis demonstrates the utility of the AIM Fredericton research 

tool through actual research practice. Specifically, by conducting a geospatial time series 
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case study of municipal public lighting works in Fredericton from 1927–1963, addressing 

a research and data gap in municipal infrastructure history, and illustrating why studying 

infrastructure histories in small cities is significant within urban and social history. It 

highlights the critical importance of studying historical infrastructure, because the state 

of municipal infrastructure has a profound impact on how different residents experience 

the same city. Understanding the nuanced past allows for clearer insight into modern 

issues and brings forth key research questions that may not have arisen using 

documents alone. 

The case study draws spatial information on street lighting from municipal 

engineering reports, checks and contextualizes that information against the HAP 

mosaics, and then translates it into GIS-based visualizations that show patterns of 

municipal attention to public lighting works over time. Other civic infrastructure 

developments such as sidewalks and water works are represented in the back matter of 

the reports using hand drawn maps; however, lighting has no such representation within 

the reports, or within the municipal archives at Fredericton City Hall. 

As discussed later in this thesis, the case study shows that when historical data is 

explored and visualized spatially, it can reveal new patterns, new information, and 

further questions that may not arise from textual archives alone. The exemplar serves to 

illustrate “that visualization is itself a research tool,” and “a means of doing research” 

(White, 2010). 
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Relevance and Importance of the Research 

The relevance of the AIM concept is that it demonstrates how a dedicated 

repository of both historical (municipal engineering report collection) and geospatial 

(HAP mosaics) sources can better serve interdisciplinary researchers within humanities 

and social science. Digitized materials are more visible and discoverable within a user-

friendly static web application, unobstructed by traditional organizational conventions 

within institutional archives and libraries.  

The AIM Fredericton tool supports scholars in the development of spatial 

narratives by providing a resource that can be used in the creation of deep mapping and 

H-GIS digital research projects, advancing the use of historical GIS (H-GIS) and deep 

mapping as research methods across disciplines. 

Interdisciplinary Approach 

The solution design in this thesis touches several fields and required an 

interdisciplinary approach. Overall, it combines the practical elements of digital archival 

praxis and geomatics engineering. Specifically, front-end static web GIS development in 

the organization and dissemination of a series of HAP mosaics, alongside an historical 

document collection of annual municipal engineering reports.  

The AIM Fredericton tool presents a visual and textual archive of discoverable 

processes of urban modernization, including expanding road networks, housing 

developments, municipal water works expansion, changes in public greenspaces, and 

public lighting over the twentieth century.  
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The AIM Fredericton interface allows archival materials to be explored spatially, 

supporting H-GIS research methodology within historical practice. It makes possible to 

trace a topic such as urban street lighting over time, connect documentary evidence to 

location, and visualize historic municipal infrastructure expansion through a spatial and 

temporal lens. 

Chapter Overview 

This thesis unfolds over a series of chapters that: 

(i) explore the literatures of (a) established and emerging scholarly work in archival 

praxis, (b) digital geospatial approaches for HAPs within institutional archives and 

libraries, (c) prominent GIS web map application template platforms, and (d) current 

deep mapping scholarship within the humanities and social sciences, 

(ii) describe the archival sources used and how they enrich current archival praxis, 

(iii) outline a methodology that explains the technical phases involved in the creation of 

the AIM Fredericton tool, 

(iv) conduct a geospatial time series case study of municipal lighting works to 

demonstrate how the AIM tool can be used to spatially and visually capture the 

expansion of street lighting infrastructure, and  

(v) synthesizes in the final impact and conclusion chapter, the results of the case study 

against the research questions and objectives. 

Conclusion 

This thesis combines the use of historical aerial photo (HAP) mosaics and 

document archives for Fredericton, NB, leveraging them equally to address research 
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questions, conduct analysis, and generate further lines of enquiry. Bringing time series 

collections of historical aerial survey imagery and contextual municipal archival 

documents into a single web research space allows for a wide variety of topics to be 

explored.  

Conceiving geospatial archives that prioritize the needs of deep mapping 

researchers demonstrates that user-defined, rather than institutionally defined, 

research spaces can address a functional gap that institutions alone may not have the 

capacity to address.  
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2. Review of Literature 

Introduction 

Data management and information dissemination are essential and constantly 

evolving requirements across academic and professional lines of work. This 

interdisciplinary thesis draws on scholarship and methods from several disciplines and 

research domains that bring Geomatics and historical studies together.  

Relevant literatures from i) archival studies, ii) geographic information systems 

(GIS) for web, iii) deep mapping methodologies of HGIS, and iv) the management and 

implementation of historical aerial survey photos in select institutional libraries and 

archives are examined. This review intends to illustrate current states and paradigms 

within these fields, developments within the selected fields, address ongoing challenges 

and situate the AIM concept within them. 

State of Digital Librarianship & Related Online HAP Applications in Canada 

and the US  

Current Limitations of Accessing HAP Collections 

 Historical aerial (survey) photos (HAPs) contain a very rich collection of 

geospatial and contextual information. They are quite literally slices of time and place. 

However, accessing and using them in the digital age is difficult. Collections are largely 

underutilized and without standard implementation (Kostrzewa, 2024; Mullally et al., 

2023; Zhang et al, 2022; Tedesse et al 2023; Pinto, 2019). 
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Notably, researchers across disciplines, such as spatial history, geo-humanities, 

and human geography, recognize their potential for use. As historical artifacts they are 

scattered across archives and libraries, institutions that offer different levels of 

accessibility, adopt different data management practices, and multiple modes of 

dissemination.  

Digitizing HAPs and enabling online access is not new; a notable project by the 

University of California at Santa Barbara (UCSB) and the Alexandria Digital Library project 

dates to 1994 (McAuliffe et al, 2017). The project was conceived to address issues of 

access and organization of their map library, which was characterized as "unusually 

extensive," due to the "focus on the campus on research in geography and related 

disciplines." (Goodchild, 2004). This early initiative developed a digital library of 

georeferenced maps, imagery and metadata. The project was a response to common 

issues with traditional map libraries, primarily organization and access. A key element 

within the project was the organization of digitized maps and imagery geospatially – 

users could search for data based on its location, rather than by title or keyword.   

In Canada and the US, many digital HAP projects, undertaken by university 

libraries in collaboration with researchers, have flourished in recent years. This 

recognizes the importance of digital HAPs as historical artifacts and demonstrates the 

desire of institutional academic bodies to publish the imagery for multiple researcher 

purposes and widen access for research communities. Such projects rely on advances in 

computing power, GIS methods, and digital image processing techniques (Kostrzewa, 



 12 

2024).  They also heavily rely upon, and benefit from, sophisticated and evolving digital 

librarianship to manage the collections.  

Current Digital Librarianship & Management of Geospatial Collections  

The role of the mapping (or GIS) librarian has grown from managing analog 

cartography collections to highly specialized positions that include managing digital 

materials. Digital geospatial data is conceptually and technically very different from 

other types of published materials held within a library and require specialized 

geospatial software to manage.  This requires specialized training and education not 

widely adopted by or offered within current library science programs.  

The American Library Association (ALA) acknowledges that for librarians to serve 

and manage geospatial holdings, they "need much more than their required courses in 

the typical MLS/MLIS program to master even Level 1 (basic) core [geospatial] 

competencies." (ALA, 2017, p.25). The increasing complexity of geospatial library 

collections makes these collections multimodal; cartographic analog maps, digitized 

road networks, elevation control tables and historic topographic maps are several 

examples of the multimodality of a modern geospatial library collection.  

Moreover, librarians must also ensure that the collection remains discoverable, 

accessible, and relevant. The uneven geospatial training and ability among librarians 

results in varying access and availability of multimodal geospatial data collections within 

and among libraries and archives.  Some are more accessible than others, depending 

upon the specialized skills and abilities of the resident map/GIS librarian or archive staff. 
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The absence of a geospatial training to manage a geospatial collection within an 

institutional library or archive can also pose other problems. Cataloging and access of 

geospatial data alone (such as individual HAPs) does not fully capture the research 

potential of that type of imagery. How can a researcher capture the full scope of a place 

using HAPs when they are only available as individual images, either analog or digital?  

The HAP mosaic collections used in this thesis capture full pictures of urban 

spaces and bring these together as a timeseries. Photogrammetric analog methods 

being long retired, digital GIS methods can bring HAP imagery to life by visualizing and 

mosaicking individual images together in a digital mapping space. Yet, developing the 

specialized geospatial skills required to attach HAP library projects to a given place can 

be complex, expensive and time consuming. This, along with varying standards in 

librarian GIS education and training often explains the variation in levels of digital access 

among institutional HAP collections across libraries and archives.  

Select Current Implementations of Online HAP Collection in Canada and the US 

Most digital HAP projects at university libraries feature simple GIS interfaces.  

These might, for instance, illustrate the geographic and temporal coverage of their HAP 

collections using vectorized indexes, either centroid points or bounding rectangles 

placed on a GIS basemap such as Open Street Map (OSM) or Google Earth. A centroid 

point represents the centre of the HAP on a GIS basemap, and the bounding rectangles 

outline the edges of the HAP placed in its geographic location on the basemap.  

To view the singular or groups of HAPs themselves, researchers either navigate 

to the area of interest (AOI) using the provided basemap, or submit image requests, 
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referencing the vectorized index. The HAP will then either open as an image in a new 

browser tab/window or be delivered via an email link. This vectorized index approach is 

demonstrated by the University of Minnesota's Minnesota Historical Aerial Photos 

Online (MHAPO). Here, the user is provided with an online basemap with centroid points 

or rectangles, layered according to collection decade (Figure 2.1).  

Figure 2.1 MHAPO vectorized index approach to view and request HAPs from their collection 

MHAPO vectorized index approach to view and request HAPs from their collection 

 

Note. From MHAPO), 2015, (https://apps.lib.umn.edu/mhapo)/. Copyright 2015 by 
Regents of the University of Minnesota. 
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A point or rectangle is selected and a popup containing a link to view the 

selected image is provided. Clicking the link will then open the image in a new browser 

window which can then be saved by the user as a low-resolution image.  Low resolution 

HAPs can be used, for instance, to provide a temporal benchmark for historical 

agriculture and land use and show how that has changed over time at the regional level. 

While fine detail will be pixelated in low resolution aerial images (scale of aerial 

photography also contributes to this), wider detail such as the geometry of changes to 

regional land use are easily visible using this type of imagery.  

Some academic libraries have taken their projects beyond a visual footprint or 

centroid index and use a combined approach, providing a visual of digitized imagery in 

the web GIS map space. For example, in Canada, Brock University created the Niagara 

Air Photo Index, which features georeferenced HAP orthomosaics and a vector index 

within an online GIS interface that allows the user to view and toggle imagery from 

various decades on and off (Figure 2.2). 
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Figure 2.2 Niagara Air Photo Index combined vector and imagery visual approach 

Niagara Air Photo Index combined vector and imagery visual approach 

 

Note. From Niagara Air Photo Index, 2025, 
(https://experience.arcgis.com/experience/d6985c1b40ca4604bcb7f9716f15a285/). 

Copyright 2025 by Brock University. 
 

The user can decide which temporal layers (by decade) to visualize, and within 

each temporal layer are several spatial sub layers.  There is a vector point layer that 

represents the available individual HAP imagery within their collection which is 

referenced by users when they submit image requests. There are also orthomosaics 

published for select decades, which are not available by request and can only be seen 

within the web map app.  

Access to this collection is variable; orthomosaics from 1921-1974 are visible 

online, but copyright law prohibits publishing imagery from 1975-1998, thus later years 
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of individual imagery are only available upon request. Individual imagery from the 

copyright restricted decades is visually indexed using vector points, however 

orthomosaics are not published.  

The Niagara Air Photo Index has been frequently used in consideration of land 

for development in the Niagara Region. Static document records cannot always capture 

the variety of ways land could have been used in the past, and it is essential that all 

stakeholders in a land development project have a fulsome understanding of how the 

land was previously used, and how it has changed over time.  

For instance, if a fuel station or waste site existed a century ago in a proposed 

development area, ecological remediation may become necessary to render the land 

viable and safe for development. Or, if a specific area appears to have remained 

undeveloped, it would be useful to understand how the area around it has changed, 

which may provide insight as to why that area may in fact be unsuitable for further 

development. 

Summary of Gaps in Existing HAP Applications  

The HAP applications reviewed represent common approaches to making HAP 

collections accessible in university libraries. The exploration of the current educational 

paradigm within digital librarianship reveals a possible explanation of the varying access 

of HAPs across different institutional libraries and archives.  

Although GIS data initiatives in academic libraries aim to improve access, 

usability issues remain. Users face challenges such as limited options for free high-

quality downloads, inconsistent image previews, scarcity of georeferenced imagery, and 
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confusing navigation of user interfaces. Metadata standards and availability also vary, 

and importantly, provenance details for HAP materials are missing.  

Academic libraries support researchers by managing and providing access to a 

variety of tools and materials. However, the current state of digital HAP applications in 

Canadian and U.S. academic libraries would benefit from collaboration across the 

humanities, social sciences, and geospatial disciplines. This thesis focuses on 

demonstrating the viability of a new geospatial archive approach to enhance HAP access 

for a variety of researchers. 

Archives 

State of the field  

Archival scholarship, having distinguished itself within the humanities (Yale, 

2015; Caswell 2016), explores many themes related to the evolving role of archives 

within society, and archival scholars have responded to the demand to digitize content 

and make ongoing digitization a part of archival praxis. The archive is typically thought of 

as a static repository that serves to preserve its contents as a record of the past.  

In Unsettling Archival Research: Engaging Critical, Communal and Digital 

Archives, Bessette (2022) argues that it has become increasingly clear over the past 

thirty years that the archives "are not static, neutral repositories" (Bessette, 2022), but 

places where societal influences and values can be seen in the selection of materials and 

the organization of the collections themselves. This is an important element to consider 

when critically engaging with researchers’ archival needs and their institutional 

experiences.  For researchers, it is in "telling stories, [that] we acknowledge the politics 
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of our location vis-a-vis (face to face)," and "we speak back to the archive, tell what it is 

missing and what has been lost." (Bessette, 2022).  

Conceptually, archives are open to negotiation, which aligns with Steedman's 

(2002) interpretation of Derrida's (1994) arkhe (archive), which "appears to represent 

the now of whatever kind of power is being exercised, anywhere, in any place or time." 

(Steedman, 2002). The paradox of now is that it is both constant and changing; the 

passage of time constantly begets change. Capturing and preserving that change over 

time is the perpetual challenge of the archive.  

Current Challenges in Archival Practice 

This nexus between the past (the archives) and the present (the now), are the 

environs in which renegotiating established paradigms of archiving finds an inevitable 

home. Ongoing examination of how researchers across a range of disciplines interact 

with archives reinforces the notion that archives must evolve to include an ever-wider 

range of researchers with changing interests and needs.  

Buchanan and Luke (2024) note that "it can also be helpful to look beyond our 

professional boundaries and consider how scholars in other disciplines are thinking 

about and using archives." (Buchanan & Luke, 2024). They are speaking to 

interdisciplinary scholarship that "challenges the way we encounter, study and steward 

archival collections." Where, for instance, "the inclusion of material and visual culture in 

archives impacts the ways we perform archival research and the stories that archives 

can tell." (Buchanan and Luke, 2024). This is not a new idea, but it has become more 

urgent; the emergence and practice of digital archiving, where the archive must become 
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machine readable yet remain discoverable and accessible for the human user poses a 

myriad of challenges technically and logistically.  

Archives must grapple with the sheer enormity of the task of digitization, 

including "the huge costs in scanning entire collections," in addition to already 

"managing an enormous and growing volume of records" in the digital age (Evans, 

2007). This evolution has expanded the archivist’s scope from stewardship and curation 

to further specializations in information technology and digital data management.  

Archival practice in the digital age is not “apart from technology…technology is more 

central to being an archivist than to many professions.”  (Hughes, 2023).  

Combined with the burden of internally managing existing document collections, 

digitization presents an ongoing challenge where "archivists are doomed by the sheer 

mass waiting in the unprocessed stacks" (Evans, 2007). Yet, mitigating challenges often 

presents opportunities to innovate. This AIM concept demonstrates a method in which 

to address selected archival challenges, providing a useful tool that appeals to a wide 

array of researchers accessing archives. 

Gaps in Existing Archival Practice 

As technologies such as computing power and web-based services improve and 

expand, so does the potential for experimentation in digital archive design. Embracing 

the rich opportunities posed by these technological advancements affect management 

of HAP collections (Kostrzewa, 2024).  Yet larger collections also present important 

research opportunities.  Interdisciplinary experimentation is an observed gap within 

archival and digital preservation literatures. Particularly, mutually leveraging digitized 
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HAPs and archival records to create digital archive tools that support a wide range of 

researchers. Addressing this gap especially addresses the needs of HGIS and deep 

mapping researchers, by providing HAP and historical document materials in one 

cohesive web interface. 

Off-The-Shelf GIS for Web: Web Map App Template Platforms 

Background and Context 

Geographic information systems (GIS) design principles are a core feature of the 

AIM tool concept. Specifically, a map space with layers is the ideal interface for a time 

series of HAP mosaics because it allows users to toggle and visualize the mosaics as their 

research requires. The basic tenets of a GIS interface are familiar to a broad range of 

users; GIS applications in modern society are ever present in daily life (Kuria et al, 2019). 

Mainly, through “the ubiquity of smartphones and other smart devices” (Zhou, 2025), 

which have greatly increased capacity for users to engage with applications that are 

geospatially faceted (Zhou, 2025). Google Maps, real estate listing mapping, location-

based dating apps, built in GPS navigation in modern vehicles and tracking in weather 

apps are a few examples of daily and commonplace GIS.  

GIS for web, which enables distribution and access to geospatial data and 

applications via internet is the specific mode of GIS that the AIM tool will maximize. 

Particularly, this thesis takes the stance that traditional GIS tools must be reconceived 

specifically for web (Kong et al, 2015) to ensure ease of use and clear relevance of 

purpose.   
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 Currently, GIS for web is realized either by (i) custom development, or (ii) off-the-

shelf low or no code template platforms. The latter was initially planned to use for the 

AIM tool, however close review of prominent existing no/low code platforms revealed 

persisting limitations in the handling of document libraries. Particularly, while the 

platforms reviewed handled geospatial data effectively, they did not offer features for 

document libraries that draw on logic familiar to digital libraries and archives. Rather, 

documents generally required a geospatial point to feature in the web app platform, 

impeding visibility and logical access to them within the web app.  Thus, custom design 

of the AIM tool was necessary. This thesis explores no and low code web mapping 

source tools, reviewing them in terms of strengths and limitations, as well as the 

selected alternative in the development of the AIM Fredericton tool. 

Sample Case Use of Current Off-The Shelf GIS for Web Template 

Off-the-shelf no-code GIS templates for web, such as ArcGIS Experience Builder, 

has become an increasingly popular way to utilize GIS for web mapping applications 

because they do not require the user to design or program the site (Esri, 2023). 

Typically, these no code tools feature a user-friendly configurable design template 

where users can upload and visualize their geospatial data, like desktop GIS. There are 

also options to import photos and configure methods of viewing the attributes of spatial 

data, which is significant in applications that feature data points with more than just an 

address or coordinates.  
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For example, the City of Fredericton municipal storm sewer management uses a 

web map app template to publicly disseminate storm sewer management data (City of 

Fredericton, 2025; Figure 2.3).  

Figure 2.3 City of Fredericton Storm Sewer Management Web Map App 

City of Fredericton Storm Sewer Management Web Map App 

 

Note. From Storm sewer web map, 2025,(https://data-
fredericton.opendata.arcgis.com/maps/Fredericton::storm-sewer/about). Copyright 

2025 by City of Fredericton. 
 

The map displays each point and line segment of the system with the attributes 

of each data point capturing select key elements of the storm sewer segment or object, 

such as year constructed, object description (manhole, catch basin, pipe segment), size 

(length, diameter), and pipe material (concrete, PVC).  

https://data-fredericton.opendata.arcgis.com/maps/Fredericton::storm-sewer/about
https://data-fredericton.opendata.arcgis.com/maps/Fredericton::storm-sewer/about
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The ArcGIS web map interface is simple and straightforward to create and 

navigate. It also provides the user easy access to the attributes of each data point, as 

well as a legend and options for metadata. Further, ArcGIS also provides a method to 

extend the use of the web map by allowing a user to use it within their own projects, 

either in a StoryMap or integrated into another web map app in ArcGIS Online.  

Off-The-Shelf GIS for Web Template Platform Review  

Current no and low code web map app programs relieve the user of requiring 

front and backend development skills, providing a reliable way to apply and visualize 

geospatial data for web. There are however limitations to these tools, which became 

apparent when exploring several prominent industry platforms (Table 2.1).   

Table 2.1 Comparison of prominent no and low code web map app platforms 

Comparison of prominent no and low code web map app platforms 

Platform Map 
Interface? 

Document 
Library 

Handling? 
Strengths Weaknesses 

Mapme Yes No 

Straightforward no-
code platform to 
create simple web 
map apps 

No features for 
document library 
handling 
independent of 
map data location 
point 

Mango 
GIS 

Yes No 

Budget competitor 
to ESRI, prioritizes 
ease of use for non-
GIS users 

Does not support 
PDFs or documents 

Carto Yes No 

Cloud native 
platform that is 
designed for non-
geospatial 
scientists, analysts 
and developers to 

Does not support 
PDFs or documents 
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perform advanced 
spatial analysis 

Mapbox Yes No 

Highly 
customizable and 
web based, 
powerful rendering 
engines capable of 
handling large 
datasets + flexible 
developer tools 

Does not support 
PDFs or documents 

ArcGIS 
Experien

ce 
Builder 

Yes 

Partially, 
via the 
Attachmen
t Viewer 
template 

Many options to 
customize 
geospatially 
focused templates, 
generally easy to 
use and deploy 

Does not handle 
document libraries 
independently of 
being directly 
attached to map 
data points 

 

Generally, while the available web map application template platforms handle 

geospatial visualization or vector data well, they did not have an available component to 

equally feature or manage a document library or image archive within the interface. This 

is significant because the AIM tool considers HAPs and the document archive equally 

important, and that each type of historical material is organized according to its origin 

praxis and then harmonized for use within the design interface of the AIM tool.  

Of all prominent platforms reviewed, only ArcGIS Experience Builder included a 

template and widget capable of supporting PDF document viewing, but not within the 

interface itself and not independent of attachment to a feature layer and data map 

point. The ArcGIS Attachment Viewer is ultimately unable to independently support or 

integrate a document library because documents are only accessible as links within the 

pop-up element associated with a single data point (Figure 2.4).  
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Figure 2.4 ArcGIS Experience Builder Attachment Viewer Template/Widget (sample) 

ArcGIS Experience Builder Attachment Viewer Template/Widget (sample) 

 

Note. From ArcGIS Experience Builder, 2023, (https://www.esri.com/en-
us/arcgis/products/arcgis-experience-builder/overview). Copyright 2023 by ESRI. 

 

This is an awkward and fragmented way to feature a document library. It leaves 

no way for the user to search text, view or download the documents within the web 

tool.  This template works well for applications that rely on feature layers that might 

benefit from enriching attribute data with images, PDFs or videos. Application genres 

such as land registries and field data management would work well with the Attachment 

Viewer feature (Attachment Viewer, 2020). Deep mapping researchers could use this 

template if their research contains specific map points that also have associated media 

or documents. 

https://www.esri.com/en-us/arcgis/products/arcgis-experience-builder/overview
https://www.esri.com/en-us/arcgis/products/arcgis-experience-builder/overview
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Alternatives to Off-The-Shelf GIS for Web 

Low and no-code off-the-shelf GIS for web template platforms provide efficient 

and effective means to create web map applications for a range of users. Even so, 

limitations persist in the management of document and image libraries with such 

platforms. The AIM tool values HAPs and archival documents equally; thus, the design 

and functionality of the AIM Fredericton tool embody this value. Consequently, a 

custom-built solution that harmonizes archival praxis with geospatial visualization for 

web can better support the needs of social history research and deep mapping 

techniques.  

Summary and Conclusion 

In summary, this review of low and no code GIS for web template platforms 

demonstrates the present limitations of current off-the-shelf geospatial solutions, 

especially when developing web map applications and tools. While existing platforms 

such as ArcGIS Experience Builder, Mapme and Carto effectively manage and visualize 

geospatial data, they lack the ability to feature or organize document and image libraries 

according to archival logic. This presents a critical design weakness which the AIM tool is 

designed to address.  

The AIM concept solves present off-the-shelf GIS template limitations by 

featuring an interactive interface that treats geospatial and documentary archives 

equally. As a result of this analytical survey, custom development emerged as the most 

appropriate technical approach to address the design weakness and structural gaps.  
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Deep Mapping 

Background & State of the Field  

Deep mapping, as it is understood and practices today "arose out of the 

imaginary of the spatial humanities," (Harris et al, 2015, p. 223). And yet "the impulse 

toward deep mapping - linking geographic and cultural representations of a place - 

began when mankind first created maps" (Bodenhamer, 2021, p.1).   

The term deep map is commonly attributed to a modern literary work of the 

concept, in William Least Half Moon's PrairyErth (1991), which contains deep map 

within its subtitle and describes its main question, "would coordinates lead to 

connections?" (Heat-Moon, 1991, as cited in Bodenhamer, 2021). The book is described 

as an "encyclopedic dissection of Chase County" Kansas (Quantic, 1992), offering a 

"verbal map" (Markus, 1991) and "a stratigraphic pastiche of a small county…." 

(Bodenhamer, 2021, p.1). The deep map he narrates is an "immersion into the past, 

present and future of Chase County," pulling the reader into a cartography that 

encompasses the "feel for the land and a rural way of life that seems to be dead or dying 

across America" (Markus, 1991). Heat-Moon, the author, spent six years researching the 

book, collecting "the small stories that are the life of rural living.” But ultimately, when 

tied to place and space, "turn out in the end, not to be so small." (Klinkenbourg, 1991).   

Maps are powerful tools when used as part of place-based analysis. Maps have 

"become so ubiquitous as to become invisible", making a "truth claim about what is 

'there' and tells us, 'you are here'." (Engel, 2018). That truth claim, and the technology 

that identifiably enables it (GIS), is rooted in the fixed geometric definition of space 
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which by itself “struggles to represent uncertainty, ambiguity, emotion, metaphor, or 

any number of other ways humanists use to discuss human events and behavior" (Polis 

Centre, n.d.).  The deep map is a response to this constrictive truth claim (Bodenhamer 

2021, p.4; Harris, 2015, p.31) and seeks to "reflect the complex interaction of the 

physical and human environments and their relations and behaviors that are nuanced, 

nonlinear, branching...deep maps seek to map the unmappable." (Harris, 2015, p.33).  

Current Practices and Implementations 

Deep maps have been characterized as a palimpsest, in which the gateway into 

any topic is the geographical map, and that contextual elements are connected to 

locations on the map (Fishkin, 2011). They are capable not only of illustrating histories 

that are dimensional and multilayered, but also the [human] experience of these 

histories (Engel, 2018).  

Take for instance the '"Streetmuseum"' application created by the Museum of 

London, a tool that combines augmented reality, GPS, digital mapping, and urban 

histories to create an immersive, mapped, and mobile experience of historic London. 

Users visit sites within the city and the application overlays historic imagery onto the 

present-day scene as seen through the camera lens of their mobile device. The result is 

a striking and deeply personal deep map experience that captures the past and present 

together in one place, combining spatial and digital technologies with the archival 

record.   
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Current approaches to deep mapping (outside literary works) often involve GIS. 

GIS is unique in that while it is an analysis tool and a database technology, it is also 

heavily utilized as a visualization tool across many fields. Yet GIS is "only part of the 

solution, especially when linked to recent advances in spatial multimedia, GIS-enabled 

web services, cyber geography, and virtual reality, among other tools…" (Bodenhamer, 

2021, p. 4). Deep mapping that uses GIS "enjoys rapprochement with the advance guard 

of digital technologies", while not aspiring "to seek reductions like positivistic science 

does." (Corrigan, 2021, p.164-5).  

The ability of GIS to operate in both creative and analytical spaces support key 

tenets of deep mapping, such as information layering and analytical/interpretive open-

endedness.  Deep mapping serves as a highly fertile experimental space in response to 

calls of forwarding semantic, qualitative, and more humanistic spatial representations of 

GIS (Zhao, 2022; Giordano, 2022; Stell, 2019; Bodenhamer, 2013).  It also serves 

interdisciplinary database design if it will support the development of the spatial 

humanities (Knowles et al, 2020).  

Methods of deep mapping "are less strictly focused on the creation of actual maps 

and instead conduct research that takes the spatial as a starting point for knowledge 

production" (Engel, 2018).  Bodenhamer, Corrigan and Harris (2021) argue that deep 

mapping is not prescriptive to specific technologies or instructions. Rather, in defining 

what a deep map is and might be to various research communities, they wish to "offer 

guidance and examples on the various methods and tools scholars are using to construct 

these complex products" (Bodenhamer, Corrigan & Harris, 2021, xiii).  
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Deep mapping scholarship ultimately argues that the worlds of knowledge, 

including the scientific, are socially constructed, and that the deep map "must invite 

exploration, perhaps raising more questions than it provides answers" (Bodenhamer, 

Corrigan & Harris, 2021, xiv).  

Gaps to be addressed 

Deep mapping invites experimentation and interdisciplinary collaboration and calls 

on libraries and archives to support those agendas in innovative ways. The AIM concept 

responds with experimental interdisciplinarity by demonstrating that HAPs and archival 

documents within the same web tool serve the goals of deep mapping research more 

effectively than traditional archives or current HAP online applications alone. 

Conclusion 

This review captures the interdisciplinary position of this thesis by tracing the 

current organization of HAP collections within archives and libraries, archival praxis, 

current off-the-shelf-GIS template platforms for web and evolving deep mapping 

scholarship.  

There are synergies across themes of geospatial technology and design, archival 

data management, historical analysis and information dissemination that support this 

interdisciplinary exploration. Despite significant theoretical attention from scholars, 

when considering the possibilities for deep mapping in spatial humanities research, and 

when examining HAP collections that may be used for deep mapping within libraries and 

archives, gaps and barriers remain in accessibility, usability, and standards for data 

management and quality.  



 32 

Off the shelf GIS for web template design does not include document library 

management within map web application template platforms. This poses significant 

research limitations. The AIM concept posits a way forward by combining geospatial and 

web technologies with digital archive praxes.  
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3. Sources 

Historical Aerial Photos  

Early Years of Aerial Surveying in Canada 

Quality research comes from quality sources. Historical aerial photographs are 

sources with great potential for many kinds of place-based research. Imaging and 

inventorying the earth from above has been in practice for a century in Canada and 

elsewhere. In the early years of the twentieth century, the Dominion of Canada was 

largely unmapped topographically. The full extent and character of its land, coast, water, 

and natural resource inventory was not quantitatively nor qualitatively measured or 

catalogued (Thomson, 1975).  This was due not only to the sheer enormity and varied 

terrain of Canada, but also to the nature of terrestrial methods of topographic 

surveying, which were immensely prohibitive in remote and highly variable landscapes. 

Early limitations in photogrammetric science was also a factor.  

Ground camera stations, positioned at high elevations in the Rocky Mountains, 

demonstrated the early potential of photographic surveying from elevated positions. 

Panoramic cameras were positioned onto the roof apex of ground stations to capture 

the surrounding terrain. Topographic maps were created from many panoramic views of 

a common location. Difficulties with this method still presented due to the challenging 

terrain itself and the ability to access remote areas with hostile climates, such as the 

Arctic regions.  
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A report from the Surveys Bureau in the Department of the Interior in 1930 noted 

that "Canada is still undergoing a process of development...more and better information 

is needed than can be shown upon geographical or general maps." (Canada Department 

of the Interior, 1930, p. 160). The Director General of Surveys went on to affirm that 

"the new science of mapping by the use of aerial photographs has proved its value and is 

fitting so well into Canada's necessities...this science has received its greatest impetus 

and its greatest application toward the solution of national problems" (Canada 

Department of the Interior, 1930, p. 160).  

This early federal geospatial strategy initiated during the interwar decades 

continued for approximately another 80 years, amassing roughly 6 million analog aerial 

photos prior to the advent of digital aerial cameras and sensors (Natural Resources 

Canada, 2023) in the 1990s.  

HAP Repositories  

Across Canada, provincial, regional, and municipal authorities undertook aerial 

surveying to inventory land and water for a variety of different reasons (Thompson, 

1975), such as forest protection (p. 195), and geological exploration for oil (p. 198). 

Ultimately, these activities have resulted in the accumulation of formidable analog aerial 

survey photo collections. These photos contain enormous amounts of spatial and 

contextual historical detail.  

Some of these collections are housed systematically and are publicly accessible, in 

federal repositories such as the National Air Photo Library in Ottawa, ON, or in provincial 

repositories such as the Nova Scotia Aerial Photography Library in Amherst, NS. 
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Conversely, there are also underutilized and variably accessible collections scattered 

throughout regional or municipally commissioned collections held by smaller 

institutional libraries, archives, museums, and/or historical societies, where 

management and data stewardship varies considerably. Often, the use of analog HAP 

imagery simply became obsolete as digital methods emerged; without a formal plan to 

digitally steward collections, analog imagery ends up stored away and forgotten.  

AIM Fredericton Archival Sources: HAP Mosaics and Annual Engineering 

Report Collection 

Historical Aerial Photo (HAP) Mosaics 

The HAP image collection used to create the mosaics in the AIM tool originate 

from three sources: the City of Fredericton (municipal archive), the Nova Scotia 

Geomatics Centre (GeoNS) in Amherst, NS (provincial aerial photo repository), and the 

National Air Photo Library (NAPL) in Ottawa, ON (federal aerial photo repository). The 

historical aerial mosaics (covering the 1920s through to the 1990s) were initially created 

by the author for the Three City Timeseries New Brunswick project (3CT-NB) between 

2021 and 2025. Two of the largest historical mosaics of Fredericton, 1975 and 1996, 

were additionally refined and improved upon by Geodesy and Geomatics Engineering 

summer students, Rita Mishra (1975) and Jennie Ngoc Phan (1996).  
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Municipal Engineering Report Collection 

Approximately 70 years of municipal engineering reports, issued annually by the 

City of Fredericton starting in 1927, capture municipal, technical and social change in 

infrastructure management. Civic priorities are mapped against technological practices 

and challenges of the day, itemizing development areas such as public lighting, 

sanitation, drainage and sidewalks.  

Social conditions are also detectable, such as the justification of increased labour 

costs over the mid 1930s due to mass unemployment conditions of the time (City of 

Fredericton, 1935, p.2), or public concern over the hardness of municipal water because 

it requires more soap for washing (City of Fredericton, 1970, p. 82).  

The connection of sources - the archival record of engineering activity to the HAP 

images documenting urban expansion, forms a richer set of historical data together than 

when considered in isolation. This allows for the systematic study of human experiences 

within the wider processes of urban modernization in Fredericton, NB over the 

twentieth century.  
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4. Methodology 

Introduction 

Chapter Overview 

This chapter captures the methodological development of the AIM Fredericton 

research tool, which is by nature, interdisciplinary. Therein, this chapter unfolds in 

sections that seek to balance the priorities of the fields the work intersects. The 

introduction section sets out to provide a high-level overview of the rationale and 

processes involved in the development of AIM Fredericton; the phases section provides 

greater technical detail of each phase of the project; the conclusion section synthesizes 

the methodological objectives against the activities of the methodology and connects 

onward chapters to the stated research objectives.   

Methodology - Purpose 

This chapter details the methodology used to design and implement the AIM 

Fredericton research tool as a static web application, bringing together two distinct 

archival collections: historical aerial photo (HAP) mosaics and municipal engineering 

reports. The purpose of the methodology describes how the tool was built, and the 

underlying workflow that took diverse archival materials and integrated them into a 

coherent digital environment for spatial and contextual inquiry. 
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Research, Design, and Technical Rationales 

Research Rationale: Addressing Disconnects 

The design rationale is informed by the archival and GIS disconnects experienced 

by humanities and social science scholars in their pursuit of deep mapping research. 

Conventional GIS easily supports ‘thin’ maps; orientation and navigation, spatial 

distribution, or spatial modelling, for example. In contrast, deep mapping seeks to 

‘thicken’ thin maps by integrating multiple types of evidence to represent the different 

layers of human context and social constructions that are contingent to all places. 

Therein, historical aerial imagery and documentary records are not treated as separate 

resources; rather, they are integrated into the same digital research space so that spatial 

change over time may be explored alongside the historical accounts that help 

contextualize it.  

Design Rationale: Research Objectives 

The AIM Fredericton tool responds methodologically to the archival and GIS 

connects experienced by deep mapping researchers with two primary research 

objectives:  

(1) Design an accessible and user-friendly tool for web that links a collection of 

HAP mosaics and historical municipal engineering reports in the same research 

space, and 

(2) demonstrate the practical utility of the AIM Fredericton tool through a 

geospatial case study of a topic selected from the historical municipal engineering 

report collection. 
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Objective (1) is unfolded methodologically in this chapter, and objective (2) is further 

developed in the “Geospatial Case Study” chapter that follows. 

Technical Rationale: Static Web Application Structure  

Static, rather than dynamic web architecture was selected because it was the ideal 

blend of technical simplicity, security, and maintainability. The technical requirements of 

the AIM concept are straightforward; the data itself does not require dynamic processes 

such as a backend database or server-side computations to be used effectively in the 

application. The static web approach is straightforward to deploy and preserve, has 

limited computational overhead and leverages classic technical simplicity.  

Methodology Workflow Overview 

Description 

The methodology workflow is organized into the following linked phases: (1) data 

acquisition, (2a) data preparation, (2b) data processing, and (3) static web application 

development. This logic of this sequence captures the technical path of the project: 

• Phase 1: Data Acquisition  

o Archival materials, metadata and provenance first had to be identified 

and assembled  

• Phase 2: Data Preparation and Processing 

o Phase 2a: Data Preparation  

▪ All data collected is cleaned, standardized, and structured  

o Phase 2b: Data Processing 
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▪ Outputs from Phase 2a are then transformed into browser-ready 

formats 

• Phase 3: Static Web Application Development  

o All outputs from Phase 2b are integrated into a publicly accessible static 

web tool 

The chapter structure follows this progression, with each stage explored and connected 

in detail within the phases section.  

Visual 

The methodologic workflow is best explained using figures (Fig. 4.1) and tables 

(Table 4.1), to illustrate clearly the connection between the phases introduced in the 

previous description section. The process is best understood by tracing the movement 

of source materials through the building phases of the application. Outputs are 

generated at each phase of work, and those outputs become inputs for subsequent 

phases, culminating in the final phase which integrates all phase outputs into the static 

web interface.  
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Figure 4.1 Methodologic Workflow Summary for the AIM Fredericton research tool: Phases and their outputs 

Methodologic Workflow Summary for the AIM Fredericton research tool: Phases and 
their outputs 
 

 

 
Table 4.1 Methodologic Workflow Summary for the AIM Fredericton research tool: Phases, inputs & outputs 

Methodologic Workflow Summary for the AIM Fredericton research tool: Phases, inputs 
& outputs 
 

Phase Key Activities Phase Output 
How Phase Output Is 

Used 

(1) Data 
Acquisition 

Collect HAP mosaic URLs, 
metadata, provenance 
evidence, and historical 
municipal engineering 

reports 

Curated collection of 
historical materials, 

source metadata and 
provenance 

Input for Phase 2a: Data 
Preparation 

(2a) Data 
Preparation 

Test URLs, standardize 
metadata and 

provenance, build 
catalogues 

Spreadsheets that 
catalog and structure 

all historical data, 
structured records 

for provenance and 
metadata, active URL 
links to HAP mosaics 

Produces working and 
consistent project data 
that is required as input 

in Phase 2b: Data 
Processing 
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(2b) Data 
Processing 

Apply Optical Character 
Recognition (OCR) to 

engineering report 
collection PDFs, and 
generate JavaScript 

Object Notation (JSON) 
files from spreadsheet 

catalogues 

Text searchable PDFs 
and machine-

readable archival 
organization 

structures (JSONs) 

Text searchable PDFs 
allows the user to 

search keywords in the 
engineering report 

collection, and machine-
readable JSON files 

serve as a digital index 
card catalog for HAP 

mosaics and document 
collection 

(3) Static Web 
Application 

Development 

Build user interface, 
connect map services 
and local files, migrate 

site to production server 

Public static web 
application – AIM 

Fredericton 

All historical data, 
metadata and 

provenance is now 
integrated into the AIM 

Fredericton research 
tool 

 

Historical Study Period  

The development of the AIM Fredericton tool draws upon two related spatial and 

temporal historical series. The historical municipal engineering reports span the period 

from 1927 to 1999, while the HAP mosaics represent Fredericton by decade, from the 

1920s-1990s. Together, these datasets provide both documentary and visual evidence 

of urban change within the twentieth century.  

Phase 1: Data Acquisition 

The first phase established the historical data collection base for the project. It 

involved identifying, locating, and assembling historical materials, metadata and 

provenance. Table 4.2 itemizes the data collected and their source, followed by a more 

detailed summary of tasks and their methodological significance. The “Sources” chapter 

contains a detailed account and discussion of HAP and historical municipal engineering 

report sources.  
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Table 4.2 Data Collection Sources  

Data Collection Sources 

Task Data Type Source Source Details 

I 

Historical Aerial 

Photo (HAP) 

Mosaics 

Three Cities Timeseries 

New Brunswick (3CT-NB) 

web map app map server 

URLs of each HAP mosaic from 

the 1920’s-1990’s 

II HAPs: Metadata 

GeoNS 

NAPL 

City of Fredericton 

GeoNS: Metadata in Flight 

Reports 

NAPL: Metadata included with 

imagery 

City of Fredericton: Metadata 

contained within imagery directly 

and calculated 

III 

Historical 

Municipal 

Engineering 

Reports & HAP 

Mosaics: 

Provenance 

GeoNS 

NAPL 

NRCan 

City of Fredericton 

GeoNS: Flight Reports 

NAPL: NRCan (2023) 

NRCan: Specification for Aerial 

Survey Photography 1973, 

Thompson (1975) 

City of Fredericton: Felix 

McCarthy, GIS Analyst 

IV 

Historical 

Archival 

Documents: 

Collection and 

Provenance 

City of Fredericton 

Collected from the City of 

Fredericton and digitized by Dr. 

Sean Cox (2022). Currently held 

at the Provincial Archives of New 

Brunswick (PANB). 

 

Data Acquisition Tasks 

(I) HAP Mosaic URLs 

The geospatial component of AIM Fredericton (and the AIM concept generally) 

relies on HAP mosaics that are hosted externally as map services from the Three Cities 

Timeseries New Brunswick (3CT-NB) project. The AIM Fredericton application references 

and brings the map services in using published URLs, removing the need for local 

storage and rendering. This allows the AIM Fredericton application to render HAP 
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mosaics swiftly and smoothly, a key principle that supports the primary methodological 

objective.  

(II) Metadata collection 

Technical metadata was collected from the source of the HAP imagery for each 

mosaic. Key attributes such as year, title, source, scale, and camera type are needed to 

understand the technical attributes and conditions of the HAP imagery at its point of 

collection.  

(III) Provenance collection 

Provenance was collected for both HAP mosaics and the collection of historical 

municipal engineering reports. Provenance for HAP mosaics was collected separately 

from metadata because it fulfills a different scholarly function. Metadata describes HAP 

imagery as a technical object, whereas provenance describes it historically and 

contextually. Elements such as source origin, custodial lineage, purpose, and past 

storage conditions extend the evidentiary credibility of historical artifacts. The AIM 

Fredericton research tool intends to support historical spatial exploration; thus, 

provenance is significant because it allows users to more transparently understand the 

origins, context and potential limitations of the municipal engineering report and HAP 

mosaic collections. 

(IV) Municipal engineering reports 

The historical document collection was assembled from digitized annual 

engineering reports produced by the City of Fredericton, 1927-1999, and held in the 

municipal archive until 2022. These reports provide textual evidence about 
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infrastructure, public works, planning priorities, and municipal decision-making. Their 

inclusion alongside the HAP mosaics is key methodologically because it provides a 

source that can help explain in context the change over time visible in among the HAP 

mosaics. 

Phase 2: Data Preparation and Processing 

Phase 2a: Data Preparation 

Following the acquisition of all project data, Phase 2a prepared the data for Phase 

2b: Data Processing. This phase focused on verification, standardization, and 

organizational structuring. The objective of this phase was to take all data collected and 

format it organizationally, to ensure reliability and establish structural consistency across 

all data collected. Table 4.3 outlines key data preparation tasks and is followed by a 

detailed summary of each key task.  

Table 4.3 Data Preparation Tasks 

Data Preparation Tasks 

Task  Data Type Task Details 

I HAP: Mosaics 

URL validation 

and map 

service testing 

The AIM Fredericton tool requires working 

URLs for each historical mosaic contained in 

the AIM Fredericton tool. URLs are retrieved, 

then tested to ensure the paths are correct. 

II 
HAP: 

Metadata 

Format 

standardization 

Metadata for HAP imagery collection was 

reviewed for consistency and completeness 

from all sources and then compiled into a 

spreadsheet file 

Software: MS Excel 

III 

HAP & 

Municipal 

Engineering 

Format 

standardization 

Created record of provenance for each HAP 

mosaic, and the engineering report document 

collection 

Software: MS Word, Adobe Acrobat 
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Reports: 

Provenance 

IV HAP: Mosaics 
Catalogue 

construction 

Created spreadsheet catalogue of all HAP 

mosaics, including URLs, which will be used in 

the Phase 2b: Data Processing for the creation 

of JSON files. 

Software: MS Excel 

V 

Municipal 

Engineering 

Reports  

Catalogue 

construction 

Created spreadsheet catalogue of all historical 

annual engineering reports from 1927-1999, 

which will be used in Phase 2b: Data 

Processing, for the creation of JSON files. 

 

 

 

Software: MS Excel 

 

Data Preparation Tasks  

(I) HAP Mosaics: URL validation and service testing 

Each map service URL from the 3CT-NB project was tested to confirm that it 

populated correctly. This validation step was necessary because the reliability of the 

final interface depends on functioning external map services. URL testing functioned as a 

technical check to ensure the method selected to populate HAP mosaics within AIM 

Fredericton would be functional and reliable. 

(II) HAP Metadata: Format standardization 

HAP metadata drawn from multiple sources were reviewed and compiled into a 

standardized spreadsheet structure, using fields based on the metadata conventions 

used by the NAPL. The spreadsheet is used within the AIM Fredericton tool when the 

user selects to view the metadata of their selected HAP mosaic layer. This normalization 
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step created a stable metadata schema and format for the HAP mosaic collection, which 

the application will later use to produce metadata details for the user. 

(III) HAP & Municipal Engineering Reports: Provenance format standardization 

The provenance collected in Phase 1: Data Acquisition, was formatted into a 

standardized record (PDF) using a common document layout structure. Standardization 

of the provenance record across HAP mosaics and the engineering report collection 

makes it possible to present provenance consistently within the AIM Fredericton 

interface. The objective of this step was to transform an assembly of descriptions into a 

usable research dataset. 

(IV & V) HAP Mosaic & Municipal Engineering Reports: Catalogue construction 

A catalogue spreadsheet was developed for both the HAP mosaics and municipal 

engineering report collections. The imagery catalogue links each mosaic to its title, year 

and map service URL, while the document catalogue connects report titles, dates, and 

file paths for each annual report. These catalogues serve as the bridge between data 

collection and processing and will next be converted into machine-readable formats 

which will be used directly within the final version of AIM Fredericton. 

Phase 2b: Data processing 

The data processing phase translates the prepared data into formats the AIM 

Fredericton application will accept to populate organizational labels, HAP mosaics and 

render the engineering report collection text searchable. At this stage, the project 

begins to transition from organizational to technical. Table 4.4 reviews the processing 

required in this phase, followed by a summary of tasks and their rationale. 
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Table 4.4 Data Processing Tasks  

Data Processing Tasks 

Task  Data Type 
Processing 

Required 
Software Details 

I 

Municipal 

Engineering 

Reports  

Optical 

Character 

Recognition 

(OCR) 

Python in 

PyCharm 

-Created a utility in Python that 

rendered the scanned PDF collection 

(1927-1999) text recognizable 

-allows for text search of documents 

II 

HAP Mosaics 

and 

Municipal 

Engineering 

Reports 

JSON creation 
Python in 

PyCharm 

-a JSON file for each archive type was 

created from the spreadsheet 

catalogues of both HAP Mosaics and 

engineering report collection 

-the application uses the JSON to point 

to the JSON files for document 

filenames, mosaics URLs, map layer 

and drop-down menu labels in the 

AIM tool 

 

Data Processing Tasks 

(I) Municipal Engineering Reports: Optical Character Recognition (OCR)  

The digitized engineering reports initially existed as scanned PDFs that were not 

optimized for text recognition. Optical character recognition (OCR) was therefore 

applied so that report text can be searched within the AIM Fredericton interface. This 

step is methodologically significant because searchability transforms a passive collection 

of scanned pages into an active body of evidence that users can query. 

(II) HAP Mosaics and Municipal Engineering Reports: JSON creation 

The spreadsheet catalogues created for the HAP mosaic and municipal 

engineering report collections in the previous phase were used to create JavaScript 

Object Notation (JSON) files. Within the completed site, these JSON files function to 
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supply labels, descriptions, file paths, URLs, and other structured values to the browser 

when using the AIM Fredericton application.  

Converting the spreadsheet catalogues into JSON was essential because JSONs are 

a lightweight way in which to pass key values to an application, rather than hard coding 

these values into the source code, or having the application retrieve values from a 

computationally expensive or unstable source. Spreadsheet catalogues are 

straightforward to alter, and JSON files are generated based on the spreadsheet 

catalogue. Methodologically, Phase 2a and 2b provide a way to keep data management 

within the AIM concept flexible and mutable, which is key for current management and 

future replicability.  

Rationale: Dynamic catalogues vs. hard coding 

The use of catalogues and JSONs makes the data management within the 

application more extensible than hard coding.  New records can be added by updating 

the underlying spreadsheet catalogue rather than rewriting interface logic. Separating 

application content from behavior strengthens maintainability and creates a clearer path 

for future expansion, such as additional imagery, another archival document collection, 

or adaptation of the AIM concept to another case context. 

Phase 3: Static Web Application Development 

The final phase integrated the outputs of all previous phases into a publicly 

accessible static web application (Fig. 4.2). The application is organized around a classic 

static web stack consisting of index.html, styles.css, app.js, structured JSON data, local 

PDF assets, and selected third-party client-side libraries for map display and PDF 
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interaction. Methodologically, this phase is where the archival and data-processing 

workflows transition into an operational research interface. 

Figure 4.2 Integration of methodological phases 

Integration of methodological phases 

 

Application architecture 

Static site construction: The roles of HTML, CSS, and JavaScript 

The AIM Fredericton web tool uses the typical construction of a static website, 

where different languages perform different functions to bring the site to life within the 

user’s web browser. These languages are Hypertext Markup Language (HTML), Cascade 

Style Sheets (CSS) and JavaScript (JS). Generally, HTML provides the building blocks of 
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the page (the “skeleton”), CSS determines the style design of the HTML building blocks 

(the “skin and clothes”), and JS controls the actions of a web page (the “muscle and 

brain”). These languages work together to create websites and manage their 

appearance, behavior and content (Fig 4.3). 

Figure 4.3 The role of HTML, CSS and JS in static site design 

The role of HTML, CSS and JS in static site design  

 

Note. Adapted from Learning HTML, CSS and JavaScript [Image], by A Design Blogger, 2018, 
https://www.10bestdesign.com/blog/learning-html--css--and-javascript/, Copyright [2018] by 

10BestDesign 

 

Within the Aim Fredericton static site,  

i. HTML creates two workspaces – the map space and the document space; 

ii. CSS applies the style such as fonts, background colours and border styles; 

iii. JavaScript acts as the coordinator by controlling the behaviour of all active site 

elements, such as the buttons, layer toggles and overall experience of the site.  

https://www.10bestdesign.com/blog/learning-html--css--and-javascript/
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The static approach to the construction of the AIM Fredericton tool was necessary 

due to the absence of ready-made web GIS templates that can manage document 

libraries independent of attaching them to a specific geospatial point. Date is a key 

component in the use of time series data, and to organize the archive of engineering 

reports using that principle is not yet possible within existing web GIS templates. So, 

what static web design accomplishes is the ability to integrate established web GIS 

(populate basemaps and HAP mosaics) alongside the historical document library. While 

both HAP mosaics and the historical engineering reports are historical materials, they 

are distinctly different types of data, thus requiring distinct functionality to be used 

effectively. 

Description of AIM Fredericton Architecture  

The web application is static, which means it follows a client-side architecture; 

there is no backend database or server-side computations. Ultimately, the application is 

very light weight, where the user’s browser is the primary execution environment and 

follows the instructions set out in the project files.  

The application architecture generally operates in this order:  

a) browser loads a fixed HTML document (‘index.html’),  

b) applies a local stylesheet (‘styles.css’),  

c) executes JavaScript (‘app.js’),  

d) reads local JSON resources (‘imagery.json’, ‘archive.json’), and  

e) requests external map services as needed (HAP mosaics, basemaps).  
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Static architecture is well suited to this application because it minimizes infrastructure 

and computational expense while still supporting rich interaction with heterogeneous 

data. 

Visual of AIM Fredericton Architecture 

In the AIM Fredericton static web application, the browser is the central execution 

environment where the interface logic, data loading, and user interaction are 

coordinated (Fig 4.4, a, b). 

Figure 4.4 a) AIM Fredericton static web application architecture and b) user interactions  

a) AIM Fredericton static web application architecture  
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b) AIM Fredericton user interactions 

User Interface  

The interface (Fig 4.5) is divided into two functional spaces, the map space (A) and 

the document space (B).  

Figure 4.5 AIM Fredericton Interface 

AIM Fredericton Interface  
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The left pane, the map space (Fig 4.6), operates as the HAP mosaic archive, 

supporting map interface controls (a), retrieval of metadata and provenance (b), address 

lookup (c), display of basemaps (d), and display of HAP mosaics (e). 

Figure 4.6 AIM Fredericton map space 

AIM Fredericton map space 
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The right pane, the document space (Fig 4.7), operates as the historical document 

archive, supporting access to a collection of historical municipal engineering reports and 

provenance retrieval.  

Figure 4.7 AIM Fredericton document space 

AIM Fredericton document Space 
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The document space within the AIM Fredericton tool allows access to a collection 

of historical documents organized by decade (a) and year (b), as well as the collection’s 

provenance (c). This portion of the AIM concept is powered using PDF specific viewer 

packages (pdf.js, pdfviewer.js), allowing front-end users to interact with PDF documents 

in a similar way to Adobe Acrobat (d), which is generally the standard viewer for PDF 

files. The document archive and its provenance are hosted on the production server, 

and documents populate when the user selects them via button (provenance) or lists 

(document archive) within the drop-down menus, viewing them directly in the AIM 

interface (e), or as a new tab within the browser (f).  

This contrasts with the hosting approach for the map space; however, the 

document archive materials do not have the same rendering or memory demands as the 

HAP mosaics. Hosting the document archive locally on the production server is an 

effective choice because the collection size is modest and rendering documents is far 

simpler than rendering high resolution imagery.   

The overall design configuration was conceived to make the connection between 

spatial evidence and documentary evidence easily visible. Users can move between the 

map and document spaces within a single environment, rather than navigating separate 

systems and formats. 

From Private Prototype to Public Research Tool 

Following the completion of Phase 3: Static Web Application Development, the 

application had to be migrated from the development server to the production server. 

The significance of this lies in the purpose of each server; development servers are 
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private, and production servers are public. Development servers are designed for the 

building and testing process and are not accessible beyond the local machine being used 

for development. Production servers are publicly accessible, and their use revolves 

around deployment for end users. 

The methodology phases describe the technical process from data acquisition to 

final design; however, this process launched from the base of an initial prototype. The 

prototype established proof of concept for AIM Fredericton, but the full development 

required an organizational overhaul. Moving from prototype to full version required 

streamlining the data management data model by using the catalogue to JSON method, 

serving HAP mosaics tiles  via map server URL instead of locally, bolstering the interface 

logic by integrating PDF viewer specific packages (pdf.js viewer bundle), and migrating 

the project from the development server (private) to a production server (public) for 

broader use beyond the proof of concept context. The methodological significance of 

this transition lies in the fact that the tool successfully expanded from a visual proof-of-

concept into a reproducible and deployable research instrument. 

Final Design Implications 

The final design demonstrates that a static web application can support a mixed 

archival data environment without relying on a complex database-backed platform or a 

custom server architecture. In AIM Fredericton, the technical design is not just about 

visual detail; it is part of the methodological argument about how geospatial and 

historical documentary evidence belong in the same digital research space.  
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Conclusion 

This chapter has detailed the methodology through which the full version of AIM 

Fredericton was developed, accomplishing the first objective set out in the beginning of 

the chapter within the Design Rationale: Research Objectives, (1) Design an accessible 

and user-friendly tool for web that links a collection of HAP mosaics and historical 

municipal engineering reports in the same research space.  

It traces the work from data acquisition to application deployment across four 

connected development phases. The chapter has shown how source materials were 

acquired, verified, standardized, transformed into browser-ready formats, and 

ultimately integrated into a static web application. Understood together, these phases 

establish a transparent account of how the project evolved from a prototype of 

heterogeneous archival materials to a cohesive digital research implement. 

The chapter has also clarified the design rationale that underpins the 

development. The decision to use a static architecture, mutable structured catalogues, 

and integrating familiar GIS and document viewing interfaces was intentional. Each 

choice caters to the duality of supporting historically meaningful interaction with spatial 

and documentary evidence, alongside technical reproducibility and reliability.  

The next chapter, “Geospatial Case Study” takes the argument from construction 

to validation by applying the AIM Fredericton tool in a geospatial case study of historical 

municipal lighting works from 1927-1963, in the realization of the second 

methodological research objective: (2) demonstrate the practical utility of the AIM 

Fredericton tool through a geospatial case study of a topic selected from the historical 
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municipal engineering report collection. That case study tests the usefulness of the 

methodological framework in practice, demonstrating how the AIM Fredericton 

research tool can support historical spatial investigation through the integrated use of 

HAP mosaics and historical municipal engineering reports. 

The final methodological research objective, (3) engage with stakeholders to 

generate feedback and further understand how users interact with the tool, and how 

the tool could impact their work/research, is realized in the chapter following the case 

study. It reviews how users experienced the tool, items for interface or interactive 

improvement, and suggestions for future development.   

The methodology chapter establishes the technical and conceptual foundation to 

which the wider objectives of the thesis rely. It unfolds in detail the creation of a 

reproducible research instrument to address the archival and GIS disconnects 

experienced by deep mapping researchers.  
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5. Geospatial Case Study 

Introduction 

Street lighting is considered a crucial element in urban development. Effective 

street lighting allows for public urban spaces to foster night economies -- shopping, 

family entertainment and leisure -- outside of daylight hours. It enables greater safety 

among pedestrians, cyclists and motorists. Consistent and quality street lighting is also 

thought to reduce certain instances of crime such as vandalism and theft.  

Despite the myriad benefits of public lighting in urban spaces, the development 

and installation of it is seldom distributed equitably. This unfortunately is not a new 

problem, yet we can easily study this in the modern evolution of cities using GIS. Cities 

and towns commonly use GIS for the geospatial management of municipal assets.  This 

aids our understanding of the geospatial distribution of utilities like public lighting. 

However, what is missing from many municipal open data catalogues is the 

development of geospatial assets to specifically capture changes to public lighting over 

time. Capturing change over time using GIS not only allows for clear viewing of what has 

changed, but more importantly – when and where. The latter inevitably is a primary 

driver of meaningful research questions. Unfortunately, modern municipal GIS asset 

inventories like the City of Fredericton do not include details such as the year the 

lighting unit was installed, or any key activities such as extending preparatory 

infrastructure to areas scheduled for development, or details about the switch from 

series to parallel circuits.  
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Geospatially tracing municipal infrastructure change over time uncovers the wider 

understanding of how civic planning priorities shift, revealing broader political, cultural, 

and social evolutions of urban life. The case study demonstrate that the AIM Fredericton 

tool can provide the necessary mixed archive to track this type of change over time and 

develop the HGIS asset to visualize it for Fredericton over the twentieth century.  

Purpose of the Case Study and Main Research Question 

Purpose 

The primary purpose of the case study is to demonstrate the viability of the AIM 

Fredericton tool, or more specifically, the wider AIM concept to produce a temporal and 

geospatial account of city-initiated lighting infrastructure development in Fredericton, 

from 1927-1963. Specifically, the case study illustrates how the civic archive and HAP 

mosaic archive, when combined, can reflect the temporal and geospatial distribution of 

the City of Fredericton’s public lighting works over the study period. Consequently, this 

also reflects when and where the city prioritized attention to public lighting works, and 

which areas experienced lighting infrastructure development delays.  

Modern GIS assets typically quantify the extent of their lighting infrastructure 

using location points, including attributes such as voltage, pole height or owner. The City 

of Fredericton has a point dataset of this type available through their data portal. This 

dataset is apt for modern studies, however, tells us nothing of what came before the 

present state of lighting infrastructure, or more importantly, how the developments 

unfolded over time. In contrast, the GIS asset produced using the AIM tool captures the 

location, frequency, type and year of the municipal lighting works described within the 
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City of Fredericton collection of historical engineering reports. This allowed for the 

creation of a heat map to i) visualize where and when lighting infrastructure 

development works occurred from 1927-1963, and ii) capture the spatial component of 

how and when municipal priorities to public lighting changed over time.   

Research Question 

The main questions of the case study ask, 

i) Can the AIM Fredericton tool provide enough technical and contextual 

information from the document and mosaic archive to create a viable H-

GIS geospatial asset that can be used by researchers across a variety of 

disciplines? 

ii) Can this study demonstrate the utility of developing qualitative H-GIS 

specific assets?   

iii) Will the map developed support and enhance findings from other 

documentary archival sources? 

Problem Statement 

Currently, developing municipal GIS assets with history or social science in mind 

are not commonly seen within municipal open data catalogues. The City of Fredericton 

open data catalogue, for instance, does not yet include data on historical spatial lighting 

assets. This limits how one might visualize and study historical infrastructure 

development. The solution to this problem is to use the AIM Fredericton archive tool to 

develop an historical lighting GIS asset, then analyze what the GIS asset reveals about 



 64 

municipal lighting infrastructure, spatially and temporally. This case study demonstrates 

how the AIM Fredericton tool can support spatial historical research. 

Study Area  

The study area is the City of Fredericton, within the municipal boundaries as of the 

end of 1963.  

Datasets 

The datasets used to conduct the case study are historical aerial mosaics created 

for 1924, 1931, 1946, 1951, and 1969, read against and alongside the annual 

engineering report document archive (1927-1963) and combined within the AIM 

Fredericton tool. The origins of the datasets are explored in detail within the “Sources” 

chapter. 

Methodology and Workflow 

Archive Review 

Creation of a tangible HGIS deliverable began with reviewing all entries regarding 

street lighting within the annual municipal engineering report archive. While street 

lighting is discussed within every report, it is only up to 1963 that lighting activities are 

described and itemized spatially within the reports. Beginning in 1964, municipal lighting 

activity was recorded on paper map no longer extant within the City Engineer’s Office 

(Annual Report of the City Engineer 1964, p. 57). Written details were provided for a few 

additional years in the 1960s, but beyond the 1968 report, municipal street lighting 

activity was no longer itemized by city engineers. Therefore, this case study covers a 
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study period of 1927-1963 based on the spatial data available within the city 

engineering report archive.   

Data Preparation 

After determining the study period, a central log was created to capture all 

information pertaining to street lighting from the engineering report archive. The spatial 

information is descriptive and does not provide exact locations of lighting activities. 

Rather, itemized lighting activity entries are described usually in relation to streets and 

cross streets, boundaries of a particular neighborhood, intersections, or with reference 

to localities such as landmarks or a building name. These lighting activity entries are 

then extracted as images from the engineering report archive and placed into the 

central log (Fig.5.1). Each extracted lighting activity entry is contained within its own 

page in the central log so that it may be annotated for irregularities. 

Figure 5.1 Sample of municipal lighting activity entry (City of Fredericton, 1943, p13) 

Sample of municipal lighting activity entry (City of Fredericton, 1943, p13) 
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Data Processing 

GIS Vector File Creation - Polygon layer 

Following the completion of a central log of all street lighting activities during the 

study period, the spatial descriptions captured are used in conjunction with the 

historical aerial mosaics to plot a GIS vector file, specifically a polygon layer. While exact 

address locations of lighting activities are not documented with precision, their spatial 

descriptions can be drawn on the map as polygons to symbolize and capture the 

location and scale of the lighting activity.  

For instance, smaller scale activities such as a single pole installation, are 

symbolized by smaller polygons within the location described. Conversely, larger 

initiatives, such as lighting removals or conversions of entire lighting sections of the city, 

are symbolized by polygons that span the entire area described. Attributes are included 

with each polygon, such as the description of the lighting activity (ex: installation), the 

year reported, decade reported, and which commission the work falls under (ex: Capital 

Account or Ordinary). These attributes are important because they allow the entries to 

be filtered which is a key part in observing change over time. 

GIS Vector File Creation - Point Layer 

Once all lighting activities are translated from the central spatial description log 

into a polygon layer within GIS, the feature layer must be converted to points so that the 

results may be heat mapped. To create a heat map visualization, a polygon is converted 

to a point by determining the approximate centre of the polygon. These points are then 

visualized as a heat map, which uses their spatial density and distribution to illustrate 
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spatial patterns of lighting activity over time. The heatmap can be visualized as a whole, 

or filtered and visualized by year, decade or commissioning body. Additional attributes 

can be added to further aid in filtering and organizing the dataset. GIS layer attributes 

can also be exported into spreadsheet formats for further descriptive analysis. 

HAP Mosaics 

The HAP mosaics are an important part of this process because they are the only 

imagery source of historical geospatial ground truth. Ground truth within an image is 

significantly different from the topographic maps that were derived from HAPs; map 

derivatives capture the agenda and purpose of the map itself, whereas an aerial image 

has not been edited or interpreted, but rather, captures the whole when and as is. This 

is needed, for instance, in determining locations of lighting activities that are described 

in vernacular ways, with terms and references that require local knowledge. Specific 

locations are often referenced by naming property owners or the names of buildings, 

rather than cross streets or addresses. Over these decades, this was a common way to 

understand municipal geographies, but such naming practices can create challenges to 

interpret in the present day, especially when ownership, building designations and the 

terrain have changed over time.  

Document Archive Connection  

For example, Beaverbrook Street in the 1940s did not follow the same trajectory 

as it does today and was in fact located further north below the gates of the university. 

It was a contained residential street that ran only between Regent and Windsor Streets, 

whereas Beaverbrook Street today is a major collector street that runs across the city. 



 68 

Interpreting the description of lighting activity on Beaverbrook Street during this decade 

requires ground truth to better understand to what the report is referring.  

There are often hand drawn city maps in the back matter of the reports that are 

helpful to see where street names have changed, locate city limits at the time, and 

understand the general trajectory of spatial features such as the railroad. Such maps, 

however, do not typically contain building footprints or physical landmarks.  They offer a 

rendered, rather than a true or experiential, interpretation of the layout of the city 

during that time.  

Historical aerial mosaics provide more visual detail such as exact locations of rail 

crossings across major streets, building imprints or configurations of structures that may 

no longer exist, as well as the trajectory and extent of streets as they existed at the time. 

The availability of these details becomes important in interpreting spatial descriptions 

that use local references, such as the name of a warehouse or property owner. The 

address or location of these local references can be obtained through additional archival 

sources, then understood spatially when seen within the mosaics. The location of a 

geographic reference, as seen in the mosaic, determines the final extent of the polygon 

drawn to capture the lighting activity extracted from the archive engineering report. 

Results and Analysis 

The GIS mapping asset developed for this study illustrates the geospatial 

distribution and frequency of attention that the City of Fredericton gave to public 

lighting works between 1927 and 1963. The GIS asset, a heatmap, can be visualized for 

by decade or by the entire study period (Figure 5.2). 
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Figure 5.2 Frequency and distribution of Fredericton municipal lighting activity, sample of 1940-1949 

Frequency and distribution of Fredericton municipal lighting activity, 1927-1963 and by 

decade, 1920’s – 1960’s 
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By integrating data from engineering report archives with aerial mosaic imagery, 

the map reveals the progression and management of lighting infrastructure over time. 

As described above, after 1963, lighting works are no longer consistently recorded in the 

engineering reports and apparently were recorded separately on maps maintained in 

the city engineer’s office. Unfortunately, these records did not appear to survive to the 

present day. 

Nonetheless, this spatial analysis yields very useful insights.  It demonstrates that 

prior to 1950, most lighting development was concentrated within the south 

Fredericton core, a priority area for various social and economic activities after 

sundown. After the 1950’s, however, housing construction expanded rapidly in the city, 

creating new neighbourhoods which also became areas prioritized for streetlights.  This 

is evident in the aerial mosaics, and the heat maps generated by the method described 

above. Unfortunately, the housing construction appears to have outpaced the 

installation of street lighting, which is also visible when the heat map is viewed against 

the aerial mosaics from after mid-century. This pattern reveals a disconnect, and a lag, 

between residential growth and the municipal infrastructure provision of lit streets. 

In the Devon area, for instance, an area designated and celebrated as an 

emblematic example of post-war housing for veterans and their families, aerial mosaics 

clearly show substantial housing development from the late 1940s through the 1960s. 

This is visible in the 1946, 1951, and 1969 mosaics. Despite this expansion, there are 

notable gaps in recorded lighting work for these new residential streets. By 1963, certain 

streets that were constructed between 1946 and 1951, such as Athalone Street, Coombs 



 71 

Street, parts of Dobie Street, and Medley Street, show little to no evidence of municipal 

attention to street lighting. A similar pattern is evident in College Hill, where rapid 

housing growth between 1946 and 1951 is visible in the mosaics, yet by 1963 streets 

including Hanson Street, Graham Avenue, Kitchen Street, and Palmer Street are not 

referenced in relation to lighting installation. 

Overall, the combined geospatial and archival analysis highlights uneven 

municipal attention to lighting infrastructure during the study period. While some areas 

received timely improvements, others, particularly newly developed post-war 

neighbourhoods, appear to have experienced significant delays. These disparities 

suggest that infrastructure planning and implementation did not consistently align with 

patterns of urban expansion, resulting in uneven access to residential public street 

lighting across Fredericton between 1927 and 1963.  

The Fredericton south core appears to have received more consistent attention 

to lighting works than post-war housing developments on the north side. However, 

when interpreting municipal priorities during this period, it is important to understand 

that the south core had long functioned as a regional economic and transportation hub, 

as well as the seat of government, well before the introduction of modern lighting 

infrastructure. 

Although the heatmap indicates significant lighting activity in the south core 

during the 1950s and 1960s (including the installation of 12 400-watt lamps on the 

Carleton Street Bridge funded by the provincial government), it does not account for the 

infrastructure that existed prior to the engineering reports. The lighting work 
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undertaken during this period therefore represents a combination of new installations 

and upgrades to older systems, with the full extent of the latter not precisely 

documented in the reports. Still, whether new or old, it maps for viewers civic officials’  

priority areas for lighting over these decades. 

As a result, the south core likely experienced concentrated infrastructural 

pressures that newly developed neighbourhoods did not. This insight is useful for 

historical researchers and urban planners alike, as the heatmap reveals a possible 

tension in municipal priorities between supporting economic growth and providing 

residential quality of life which may be further explored.   

Discussion and Conclusion 

The case study has demonstrated several key things: 

i) The geospatial and temporal exploration of Fredericton municipal 

lighting works, using the archival document and aerial mosaic 

record 

ii) Development of an HGIS archive asset using the AIM tool that can 

be used across a range of spatial disciplines in the exploration of 

the case study topic 

iii) A basic template for the development of more HGIS assets using 

the AIM Fredericton tool, such as domestic sewer installations, 

residential mains water installations, water meter installations 

and sidewalk expansion  



 73 

The study illustrates how the AIM concept can be used to create a tangible HGIS 

mapping asset usable across a range of research questions. Social knowledge of the 

business life of the downtown makes it easy to understand why the plat received so 

much attention. But particularly, how did the city determine where to focus their 

lighting works efforts, and how did management of older infrastructure in core areas 

influence such decisions? What caused gaps and delays between the construction of 

post-war neighborhoods and addition of streetlights? What can other sources tell us 

about the different attitudes of residents and governments with respect to public 

lighting, and what would this look like on a heatmap?  

The GIS map captures increasing attention to municipal lighting development 

until 1963; however, the 1960s saw the reform of civil administrative infrastructure in 

the province with the program of equal opportunity. Important questions rise as a 

result. What impact did lighting have on civil infrastructure management?  And why was 

all work with lighting in the engineering reports recorded on a separate map instead of 

in the report text after 1963? Why did street lighting transition from its own public 

works heading to a sub-section within Transportation Services by 1973?  

The method of analysis demonstrated by the case study of lighting validates 

usefulness of the AIM Fredericton tool to produce a spatiotemporal representation of 

historical lighting works in Fredericton, while also providing a reusable framework for 

future research of similar topics involving infrastructure. This approach establishes a 

case use foundation for further applications of the AIM concept and prompts questions 

that may not otherwise have arisen from text based archival investigation alone.  
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6. Impact & Conclusion 

Practical Implications  

The AIM Fredericton tool supports the study of urban development within the 

humanities, social sciences, and engineering. It is designed to assist a range of 

researchers in creating deep maps and HGIS assets that describe historical 

developments. The AIM archive tool builds upon pre-existing concepts of web GIS and 

digital archiving, and supports the move toward more humanistic GIS research, as 

demonstrated in the case study chapter on municipal lighting.  

The AIM concept illustrates that improving format can improve overall function 

by harmonizing the use of archival sources, thus increasing their utility across a broader 

range of researchers.  The HAP concept can be easily adapted for similar HAP and 

archival document collections, supporting research across a range of disciplines.   

The geospatial case study demonstrates that the AIM concept provides excellent 

utility in the creation of qualitative HGIS assets. The case study captured a temporal and 

spatial analysis of municipal lighting infrastructure development from 1927-1963, 

illustrating how HAP mosaics and a document archive can work in concert to conduct 

interdisciplinary exploration. Its methodology also illustrates viable replicability, where 

other municipal infrastructure topics contained within the engineering report archive 

may be explored in much the same way.  

The case study also highlights that spatial visualization reveals patterns that are 

not easily discernable using the document archive alone. It also raises further research 

questions such as what criteria the city used to determine where and when areas should 



 75 

receive lighting improvement during the post-war period, or, what effect did the 

provincial Program of Equal Opportunity have on lighting infrastructure investment and 

management during the 1960’s? New research questions leave the work open ended, 

demonstrating a key principle in the practice of deep mapping.  

Contribution to Knowledge  

The concept of the deep map - taking 2D maps and enriching them with social 

and historical data to deepen their context and meaning associated with a place, is an 

ideal mode of scholarly research, especially for understudied smaller urban geographies, 

such as Fredericton, NB. While deep mapping can be applied to larger cities, larger cities 

tend to already be overrepresented in urban studies (Bell & Jayne, 2009; Hartt & 

Hollander, 2018; Pham et al., 2024). Smaller urban geographies such as Fredericton are 

long overdue for in depth contextual and historical exploration, which deep mapping is 

well situated to conduct.  

The AIM Fredericton tool expands current implementations of HAPs by the 

addition of HAP mosaics, details of source provenance/metadata for both imagery and 

documents, and a connected archival catalog. This amplifies its utility and potential 

impact by enlivening historical aerial capture of the place under study with elements of 

the archival record. Scholarly inquiry such as exploring the impact of expanding and 

changing roles of government, social and economic inequalities, surveillance, land use 

and resource management are but a few topic areas the AIM Fredericton tool can 

support.  



 76 

Interdisciplinarity  

The creation of the AIM Fredericton tool successfully demonstrates areas for 

increased interdisciplinary collaboration between geomatics engineering, history, and 

archives and records management.  This collaboration improves access to data for each 

discipline, benefitting a wider network of researchers. Incorporating geospatial 

professionals into archival data management strategies supports mutual priorities of 

stewardship and conservation of HAP collections.  This can support and enable the 

development of deep maps for research, potentially bringing to life previously 

unexplored, undetected or underrepresented histories.  

Conclusion 

To conclude, the AIM research tool can support a wide community of 

researchers in the humanities and social sciences while also demonstrating replicable 

methodological synergies among the disciplines of history, archives and geomatics 

engineering. Combining principles from geomatics, web-based GIS, and digital archiving 

highlights the importance of archive design through an interdisciplinary geospatial lens.  

The case study illustrates how an HGIS asset is generated using the AIM 

Fredericton archive, capturing qualitative change over time which is then mapped on 

historical aerial mosaics.  

Overall, the AIM concept supports expanding scholarship on geospatial 

visualization, data management and deep mapping within the humanities and social 

sciences, while also demonstrating that format and design play a significant role in the 

overall utility of digital research tools.  
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8. Appendix 

AIM Fredericton project architecture  

Figure 8.1 AIM Fredericton project architecture overview 

AIM Fredericton project architecture overview 

 

 

AIM Fredericton project code repository  

https://github.com/MissTMac/AIM-Fredericton/tree/main 

 

AIM Fredericton URL 

https://misstmac.github.io/AIM-Fredericton/ 
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